A macroscopic examination of the huge leg of the Dong Tao breed from North Vietnam was conducted. Bone and muscular tendon morphometric data demonstrated that the Dong Tao breed was equipped with the extraordinarily thick and large tarsometatarsal bone and distal parts of the related tibiotarsus regions. Morphological differences between dorsal and plantar sides were clearly observed. First, on the dorsal side, fleshy bundles were extended effectively using the enlarged dorsal surface of tarsometatarsal bone shown as Musuculus extensor digitorum brevis, M. extensor digiti I brevis and M. adductor digiti IV. The strong and fleshy extensor bellies of M. tibialis cranialis and M. extensor digitorum longus were enlarged in the crural region, functioning to dorsally pull the heavy tarsometatarsal region through the ankle joint. Second, on the plantar side, the flexor tendon groups around the ankle joint were wider and thicker than those of other ordinary breeds, possibly to stabilize the tarsometatarsal bone and to flex the phalange as observed in M. flexor perforatus digiti II, M. flexor perforans et perforatus digiti II, M. flexor perforatus digiti III, M. flexor perforans et perforatus digiti III, M. flexor perforatus digiti IV, and M. flexor perforans digitorum profundus. The mass of the huge tarsometatarsal region does not contribute to effective locomotion in the Dong Tao fowl in comparison with that associated with normal breeds. However, we suggest that these morphological changes in the musculoskeletal system may functionally compensate for the physical disadvantages of the large weight of the distal part of the hindlimb in the Dong Tao fowl.
Introduction
The exact archaeological record shows that domestic fowl originated from the Mohenjo-Daro Region in India approximately 4000 years ago (Sewell and Guha, 1931; Zeuner, 1963) . The strong relationships between red jungle fowl (Gallus gallus) and various breeds of domestic fowl has been demonstrated in Southeast Asia using molecular phylogenetic data (Akishinonomiya et al., 1996; Niu et al., 2002; Kanginakudru et al., 2008; Riztyan et al., 2014) , whereas the Ceylon jungle fowl has also partially provided genes to the domestic fowl lineage (Nishibori et al., 2005; Eriksson et al., 2008; Tixier-Boichard et al., 2011) . The Southeast and South Asian Districts have shown early domestication of fowl and later became areas involved in the creation of breeds. As various fowls have been bred not only for agricultural food production but also for ceremonial and entertainment purposes (Sauer, 1952; Issac, 1970; Crawford, 1990; Nishida et al., 2000; Smith and Daniel, 2000; Komiyama et al., 2003 Komiyama et al., , 2004 Oka et al., 2007) , the Asian countries have traditionally possessed many native breeds for non-economic uses. The Dong Tao fowl has been bred and maintained in the Dong Tao District in North Vietnam (Su, 2004) . It is one of the large-sized domestic chickens with the huge leg, particularly the large tarsometatarsal bone. The specific morphological characteristics of the distal part of the hindlimb of this breed are noticeable with regard to func-tional influences on locomotion. The functional modifications of the ankle joint-associated extensor and flexor muscles, tarsometatarsal bone and phalanges are thus expected to reveal morphological characteristics of this breed. In this study, the functional-morphological specializations of the musculo-skeletal system of the distal part of the hindlimb accompanied by the enlargement of the tarsometatarsal region will be elucidated. As the huge tarsometatarsal bone hinders the locomotion in the Dong Tao fowl, the aim of this research is to morphologically confirm the functional adptational factors that compensate for the disadvantages of the large tarsometatarsal region.
Materials and Methods
Two male individuals of the Dong Tao fowl were dissected around the tarsometatarsal region. The two individuals were 20 and 11 months old, and both weighed 3100 g. The typical body weight of adult male is approximately 4500 g in the Dong Tao fowl, although growth rate has remained unclear (Su, 2004) ; therefore, the two individuals used in this study were thought to have not reached the growth plateau. The tarsometatarsal bone-associated muscles, including the ankle joint and proximal part of the digits were macroscopically examined. The ankle joint and phalanges-associated extensor and flexor muscles were observed, and their runnings, origins and insertions were described to clarify the development of the bundles and tendons, and to reveal the functional significance of the extraordinarily large-sized tarsometatarsal region. We examined 4 external dimensions and 16 measurements of the breadth and thickness of muscle tendons at the midpoint of the tarsometatarsal region (Table  1) . After dissection, skeleton specimens were prepared and the osteometric data of 8 measurements of the leg were collected ( Table 1 ). The external dimensions and osteometric data of the tarsometatarsal region were obtained using vernier caliper, accurate to the nearest 0.05 mm. Osteometric measurements were based on Driesch (1976) . This study was carried out according to the Guideline of the Animal Experiments of The University of Tokyo. Endo et al.: 
Results
The external appearance of the Dong Tao fowls is shown (Fig. 1 ). The plantar, lateral and medio-dorsal sides of the leg are seen (Fig. 2) . The large-sized distal part of the hindlimb comprises the thick tarsometatarsal region and digits I, II, III and IV regions in which the thick scaly skin was enlarged. Since the thick scaly skin and the connective tissues enveloped the tarsometatarsal and phalangeal regions, the basal part of the claw in the digits and the spar in the tarsometatarsal bone could not be observed. The larger scales were arranged on the dorsal side, whereas smaller scales were observed on the plantar side (Fig. 2B ).
The muscular system of the dorsal side (Figs. 3-4): The tendon of Musculus extensor digitorum longus was noticeable in the superficial area of the dorsal side of the tarsometatarsal region (Fig. 3A) . The muscle showing a developed belly in the crural region sent the branched tendon to the phalanges of the digits II, III and IV (Figs. 3A and 4A). These tendons gradually widened in the distal part and the branches were separated to reach the three digits (Fig. 3A) . The fleshy belly of M. tibialis cranialis accompanied medially the proximal parts of M. extensor digitorum longus in the crural region ( Fig. 4A ). These were fixed by the strong and wide extensor retinaculum in the proximal part ( Fig. 4A ). It lay beyond the ankle joint, attached to the most proximal part of the dorsal surface of the tarsometatarsal bone ( Fig. 4A ).
M. extensor digitorum brevis and M. extensor digiti I brevis were discernible between the distal branches of M. extensor digitorum longus (Figs. 3A and 4A). These muscles occupied the space beneath M. extensor digitorum longus with M. adductor digiti IV (Fig. 3B ). These three muscles possessed the thickly developed bundles because of enlargement of the tarsometatarsal bone surface unlike in other fowl breeds ( Fig. 4B ). M. extensor digiti I brevis with a thin bundle arose from the medio-dorsal side of the distal part of the tarsometatarsal bone and ran medially to insert into the phalanges of digit I (Figs 3B and 4B). M. extensor digitorum brevis showed a longer and thicker belly than that of M. extensor digiti I brevis in the dorsal part, and sent tendons to the phalanges of digits II and III (Fig. 3B ). The insertion to digit II was much thicker than that to digit III ( Fig. 3B ). As one of the deeper extensors, M. adductor digiti IV bundle was enlarged in the entire region of the dorsomedial surface of the tarsometatarsal bone (Fig. 3B ). The soft tendon firmly reached the medial side of the phalanges of digit IV. These three muscles appeared much larger depending on the extraordinarily large-sized tarsometatarsal bone in the Dong Tao fowl relative to other breeds.
Muscular system of the plantar side: Beneath the scaly skin, adipose and connective tissues, the most superficial layer of the muscular system comprised the aponeurosis plantaris which was connected to M. gastrocnemius (Fig. 5 ). The fleshy bellies and strong tendon of M. gastrocnemius developed into the enlarged tendinous sheet covering the entire area of the plantar side of the tarsometatarsal bone and digits through the cartilaginous plate of the intertarsal joint. This aponeurosis plantaris transmitted the strong tension from M. gastrocnemius through the calcaneal tendon and articular cartilaginous plate.
Under the aponeurosis plantaris, a series of tendons associated with flexion of the digits were confirmed . The width and thickness of the hard cartilaginous tendons at the midpoint of the tarsometatarsal region are indicated ( Table 1) .
The three parallel tendon groups which run to the phalanges of digit II, III and IV were observed on the plantar Journal of Poultry Science, 54 (1) (Fig. 7) . The two muscles completely developed into thin cartilaginous tendinous structure at the distal part of the tarsometatarsal region. Wider M. flexor perforatus digiti II occupied the superficial space of narrower M. flexor perforans et perforatus digiti II in the distal part of the tarsometatarsal bone (Fig. 7) . The belly of M. peroneus longus was observed in the proximal part from the ankle joint (Fig. 6) .
On digit III, M. flexor perforatus digiti III and M. flexor perforans et perforatus digiti III ran in the superficial space of the metatarsal region (Fig. 7) . The tendon of M. flexor perforatus digiti III appeared much wider than that of M. flexor perforans et perforatus digiti III, corresponding to the relationships between M. flexor perforatus digiti II and M. flexor perforans et perforatus digiti II. However, M. peroneus longus was inserted to M. flexor perforatus digiti III by a short tendon unlike M. flexor perforatus digiti II without associating with other flexors (Fig. 7) . M. flexor perforatus digiti III which was pulled strongly by M. peroneus longus ran medio-laterally to insert into the phalanges in the most superficial layer. With respect to digit IV, only M. flexor perforatus digiti IV could be found (Fig. 7) . Although digit IV was equipped with only one tendon of the flexors, its hard and wide tendon was well-developed in the distal part of the tarsometatarsal region.
In the deeper flexors, M. flexor digiti I longus and M. flexor digiti I brevis ran parallel to the phalanges of digit I (Fig. 8) . These two muscles appeared completely separated. M. flexor digiti I longus comprised the thin and hard cartilaginous tendon in the tarsometatarsal region as well as the series of M. flexor perforatus and M. flexor perforans et perforatus in digits II, III and IV ( Figs. 7 and 8) . The tendon was attached to M. flexor perforans digitorum profundus in the entire region of the tarsometatarsal bone (Fig. 8) . Unlike M. flexor digiti I longus, M. flexor digiti I brevis comprised the fleshy bundle largely attached to the tarsometatarsal bone (Fig. 8) . The tendon originated in the superficial surface of the bundle to reach the lateral side of the phalanges of digit I. M. flexor perforans digitorum profundus was the largest flexor in the deep region (Fig. 8 ). This tendinous muscle formed a long, thin and hard structure attached to M. flexor digiti I longus in the tarsometatarsal region, and was Journal of Poultry Science, 54 (1) separated into three branches to digits II, III and IV in the distal part the tendon. On digit IV, M. flexor digitorum brevis independently possessed the elongated origin on the plantar side of the tarsometatarsal bone (Fig. 8) . This muscle possessed the fleshy bundles in the tarsometatarsal region and the soft tendon was inserted to the phalanges of digit IV.
The external dimensions and osteometric data of the tarsometatarsal and tibiotarsus bones are shown ( Table 1 ). The size of the muscle tendons is also shown ( Table 1 ). The tarsometatarsal bone was medio-laterally widened with a slightly flat dorsal surface and a low ridge continuing to the articulation for proximal phalanx III in the distal part (Fig.  9A) , whereas the deep and wide groove was observed in the plantar side (Fig. 9B) . The breadth and thickness of the cartilaginous tendons were measured at the midpoint of each cartilaginous area (Table 1) .
Discussion
The hens of the Dong Tao fowl begin laying at approximately 160 days, and lay approximately 70 eggs during a 10-month period, with each egg weight ranging between 48-55 g (Su, 2004) . These economic characteristics are obviously poor for food production, and so the Vietnamese people sacrifice the Dong Tao fowl mainly for festivals to satisfy traditional spirits in the Dong Tao District (Su, 2004) . In fact, this breed is maintained not only as a livestock product but also as a traditional cultural symbol of happiness in a restricted district of North Vietnam.
Although the fundamental arrangement of the muscles associated with the tarsometatarsal region is similar between the Dong Tao fowl and other breeds, functional-morphological characteristics are clearly different between the dorsal and plantar sides in the Dong Tao fowl. The large Endo et al.: Leg Morphology of Dong Tao Fowl tarsometatarsal bone may provide extensors with the attachment surface for fleshy bundles on the dorsal side, and the flexors with the space of a groove for hardened tendon groups. We believe that the development of the large tarsometatarsal bone may have induced the enlargement of the fleshy belly of the extensor muscles on the dorsal side, and in contrast the widening and strengthening of the cartilaginous tendons of the flexors on the plantar side. We conclude that the muscle-rich structure of extensors on the dorsal side and the development of the cartilaginous tendons of flexors on the plantar side show a clear contrast as a functional-morphological system controlling the huge tarsometatarsal region in the Dong Tao fowl.
The huge tarsometatarsal region poses a number of severe disadvantages to the Dong Tao fowls, as the heavy weight of this distal region increases the moment of inertia in pseudocircular motion in the limbs of vertebrates (Hildebrand, 1988; Kardong, 2005) , indeed, work and energy are mostly required and lost in locomotion to the rise and fall of the center of a large mass, such as a large tarsometatarsal region (Schmidt-Nielsen, 1997) . For adequate locomotion, it is not preferred for domestic fowl to have a large tarsometatarsal region, although locomotor ability is not strictly evaluated in the breeding policy of livestock. We think that the extraordinarily large tarsometatarsal bone will never be selected as a functional trait in regards to the locomotor apparatus in any breed of fowl aimed bred for high productivity. In the case of the Dong Tao fowl, the heavy tarsometatarsal region certainly disturbs efficient locomotion in comparison with normal breeds; however, we assume that the clear contrast of morphological differences between the dorsal and plantar sides of the musculoskeletal system may functionally compensate for the physical disadvantages of the huge leg in the Dong Tao fowl.
We suggest that the large tarsometatarsal bone has resulted in the increase in size of muscles in the tarsometatarsal region of the Dong Tao fowls. In these fowls, the heavy and large tarsometatarsal bone and digits require a greater amount of torque to be produced by the muscles, for extending and flexing the tarsometatarsal bone and phalanges than that produced by those of other breeds with a similar body weight. We assume that the large tarsometatarsal bone of the Dong Tao fowl can provide a larger attachment surface for muscle bundles and a larger space through which the tendons can run.
In fact, on the dorsal side, M. tibialis cranialis as extensor of the ankle joint appears stronger, and M. extensor digitorum brevis and M. extensor digiti I brevis as extensors of the metatarsophalangeal joint are equipped with fleshy bundles. We suggest that the extensors with enlarged bundles, such as M. extensor digitorum brevis, M. extensor digiti I brevis and M. adductor digiti IV in the tarsometatarsal region, as well as M. tibialis cranialis and M. extensor digitorum longus in the tibiotarsus region may function as the mechanism providing lift to the distal part of the heavy leg in the Dong Tao breed. The groove in the plantar side of the tarsometatarsal bone is widened in the Dong Tao fowls compared with that in other fowl breeds. We suggest that the fleshy bundles of the extensors may act as an elevator of the heavy tarsometatarsal and phalangeal regions during locomotion, whereas the strong tendon groups of the flexors function as a mechanical fixer of the distal parts of the extraordinarily large hindlimb in the Dong Tao fowls.
The aponeurosis plantaris is also noteworthy, as it has become much thicker and stronger owing to the enlarged tarsometatarsal region in this breed. On digit I, it is certain that M. flexor digiti I longus and M. flexor digiti I brevis act as a flexion motor of digit I; however the ability of these muscles may be restricted. We suggest that the aponeurosis plantaris may act as a main stabilizer of not only the tarsometatarsal bone, but also of digit I. The aponeurosis plantaris functions to adequately maintain the angle of articulations from the tarsometatarsal to the phalangeal regions. As M. peroneus longus with a fleshy bundle transmits the contractile force, particularly to digit III, we suggest that digit III may have a larger force compared with the force of digit II and digit IV.
In this study we examined only two individuals of Dong Tao fowls, 3100 g in body weight, for dissection studies. Since the growth curve of the Dong Tao fowl has never been clarified, in the future, the development of the muscles and tendons of the tarsometatarsal region should be elucidated using individuals of various ages. Further research is expected to compare quantitative measurement data of the tarsometatarsal bone and flexor tendons between the Dong Tao fowls and other breeds.
Cognitive science and behavioral observations indicate that the motivation for caregiving behavior and protection from aggression might be induced or encouraged by infant facial features (Lorenz, 1943; Sternglanz et al., 1977 1981; Glocker et al., 2009) . In addition to the facial features of the infant, we suggest that the strange walking patterns displayed by the Dong Tao fowls due to their huge tarsometatarsal region may be the reason for motivating caregivers of the Dong Tao fowls to maintain their breed despite extraordinarily large-sized legs being an economically undesirable attribute.
